is responsible for the fast and continuous vesicle supply for fusion at the release site. Therefore, the ribbon constitutes the precision machinery required for highthroughput focal exocytosis (for reviews see, von Gersdorff, 2001; Lenzi and von Gersdorff, 2001). 
, whereas the overall structure of the retina with respect in photoreceptor terminals of Bsn mutant retina, we noticed an absence of ribbon synapses. To further investo thickness and lamination, three nuclear layers and two plexiform layers, is comparable to the wt retina (Figures tigate this finding, we analyzed the photoreceptor terminals of mutant and wt retina qualitatively and quantita-1C and 1D).
The antiserum BSN6.3, which is directed against the tively. We used single ultrathin sections and randomly photographed several hundred rod terminals from adult N-terminal region of Bassoon and recognizes both wt and mutant Bassoon protein (Altrock et al., 2003), pro-(4 months old) wt and Bsn mutant retinae. For the quantitative analysis, we focused on rod photoreceptors, as duces a staining pattern similar to that of Sap7f in wt retina ( Figure 1E ). In the retina of homozygous Bsn muthey make up 99% of the photoreceptors in the mouse retina. tant mice, BSN6.3 immunoreactivity is still detectable, but it is much weaker and more diffuse than in the wt The appearance of the ribbon synaptic complexes of rod and cone photoreceptors in the adult mutant retina retina ( Figure 1F) .
In a further analysis, we examined the ultrastructural differed significantly from those in the wt retina. Examples are shown in Figure 2 , and quantitative data are distribution of wt Bassoon and Bsn⌬Ex4/5 in photoreceptor terminals by preembedding immunocytochemsummarized in Table 1 . A normal rod synaptic terminal contains a single ribbon synaptic site, where glutamate istry and electron microscopy using the antiserum BSN6.3. In the wt retina, BSN6. terminals contained synaptic ribbons (56% in wt retina), types of cone bipolar cells (Boycott and Wä ssle, 1999). In the cone terminals of adult mutant retinae, the freeand normal rod ribbon synapses were seen in less than 1% of the terminals (37% in wt retina) (Figure 2A ; Table  floating ribbons were predominantly found arranged in aggregates, forming stacks of several ribbons with syn-1). Most of the ribbons in the mutant retina were not docked at the synaptic site but floated freely in the aptic vesicles lining them ( Figures 2F and 2G ). Furthermore, fewer postsynaptic elements invaginated into the cytoplasm ( Figures 2B and 2C) . A similar number of rod terminals, in mutant and wt retinae (24%-28%), showed cone terminals in mutant as compared to wt terminals. In summary, the qualitative and quantitative data demtight bundles of postsynaptic invaginating elements but no presynaptic ribbons ( Figure 2D ; Table 1 ). The proporonstrate that in the adult homozygous Bsn mutant retina, most of the photoreceptor ribbon synaptic complexes tion of empty rod terminals-terminals without presynaptic ribbons and postsynaptic invaginating elementswere absent. Serial section reconstruction of photoreceptor synwas 56% and 20% in mutant and wt retinae, respectively ( Figure 2E ; Table 1 . In double-labeling they invaginate into the terminals of rod photoreceptors ( Figure 5E ). In the Bsn mutant retina, the rod bipolar cell experiments we combined the antibodies against G o ␣ and the rod bipolar cell marker PKC␣. We found that dendritic plexus was significantly altered (Figure 5F ). There appeared to be fewer, less densely arranged denonly double-labeled bipolar cells, i.e., rod bipolar cells, . Each wave represents a mass response generated by comnoreactivity was restricted to the photoreceptor terminals in the OPL (Figures 6A and 6B ). In the mutant retina, plex interactions in the retina. Although the exact origin and generation are still partially elusive, it has become in contrast, many photoreceptors localized VGLUT1 in the ONL, at sites where they were contacted by arborizclear that the a-wave mainly originates in photoreceptor cells and the b-wave principally arises from seconding processes from rod bipolar and horizontal cells (Figures 6C and 6D) . fected and showed distortions (Figures 7A and 7B) . The above approximately 0.1 lx. At these higher background illuminances, Bsn mutant mice had much higher increc-wave amplitudes were decreased in mutant mice but were not studied further since they arise from nonneumental thresholds, and at backgrounds above 10 lx, our stimulus light was not sufficiently bright to elicit the ronal elements. The a-and the b-waves were analyzed quantitatively since they reflect neuronal activity. The criterion response at all. On the other hand, incremental threshold functions of the a-wave were statistically idena-wave amplitudes in mutant mice were similar to those of wt mice and showed the same light intensity depentical in mutant and wt mice. Taken together, the data from the ERG recordings show that transmission from dence ( Figure 7C ). The amplitude of the b-wave, on the other hand, was smaller in mutant mice, and for photoreceptor ribbon synapses to postsynaptic bipolar cells is perturbed. intensities above 10 lux (lx), the difference drastically increased. In the mutant, b-wave amplitudes reached a maximum at about 2 lx and then declined to a somewhat Discussion lower level with increasing intensities. Oscillations of the b-wave could be discerned both in wt and mutant mice, Active zones of vertebrate synapses are highly organized structures designed for the regulated and sitebut were of much lower frequency in mutant mice ( Figure  7B ). The implicit time (time-to-peak) versus intensity specific release of neurotransmitter. While the proteins that comprise the cytoskeletal matrix assembled at accurves for the a-waves were identical in both types of animals ( Figure 7D can be anchored at ectopic synapses. The later observation rather suggests that there may be a timing problem.
Bassoon Is Required for Anchoring of the
The lack of Bassoon may cause a delay in production Photoreceptor Ribbon to the Presynaptic Active Zone of functional ribbons, and once they are available, sigMaturation of photoreceptor ribbon synapses in the nals for timely and spatially appropriate synapse formamouse retina occurs stepwise: at around P4, the first tion have vanished. anchored presynaptic ribbons appear at sites where The suggested function for photoreceptor ribbons is postsynaptic horizontal cell processes contact photoreto continuously shuttle vesicles to the active zone for ceptor terminals. This is followed by the invagination of fusion and release of glutamate ( 
